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Effects of Tillage Practices on Dissemination and Spatial Patterns  
of Heterodera glycines and Soybean Yield 
W. L. Gavassoni, Faculdade de Ciências Agrárias, Universidade Federal da Grande Dourados, Caixa Postal 533, 
79.804-970, Dourados MS, Brazil; and G. L. Tylka and G. P. Munkvold, Department of Plant Pathology, Iowa State 
University, Ames 50011-1020 
Heterodera glycines, the most important 
pathogen of soybeans (Glycine max (L.) 
Merr.), was first reported in the United 
States in 1954 (39). In Iowa, the nematode 
was first found in 1978 (8). Results of a 
random survey of soybean fields in Iowa 
conducted in the mid-1990s indicated that 
H. glycines was present in 74% of the 
fields sampled (40). 
From 1986 to 2006, the area of Iowa 
cropped with no-tillage soybeans increased 
from about 50,000 ha to more than 1 mil-
lion ha (2). Although no-tillage crop resi-
due management practices can increase the 
potential for losses due to soybean diseases 
caused by pathogens surviving in the in-
fested crop residue (1,31), the impact on 
H. glycines is not fully understood. Be-
cause of its survival capabilities, host re-
quirements, and dependence on soil 
movement for dissemination, H. glycines 
may be affected differently than residue-
borne pathogens. Since H. glycines is a 
widespread and persistent soybean pest 
and use of conservation tillage practices 
continues to increase, it is important to 
understand the effects of different tillage 
practices on H. glycines. 
H. glycines was present in more tilled 
fields than no-till fields in three of five 
states that were randomly sampled in a 
regional survey in the mid-1990s (40). 
Furthermore, in the H. glycines–infested 
fields in those states (Illinois, Iowa, and 
Ohio), the average H. glycines soil egg 
population density was greater in tilled 
fields than in no-till fields. Although these 
results might be an indication that no-till 
soil conditions adversely affect H. gly-
cines, no such data were collected to di-
rectly test this hypothesis. Several re-
searchers have reported suppression of H. 
glycines populations by no tillage 
(9,18,19,35). Mechanisms for this suppres-
sion have been suggested, but not fully 
investigated. Most studies were conducted 
in fields that were naturally infested with 
H. glycines, where the nematode likely 
was present for several years, and did not 
take into account the nematode spatial 
pattern. 
Pathogen (or disease) spatial patterns 
can influence yield losses (13,14). Aggre-
gation of disease or insect pests often has 
been associated with greater yield loss 
compared to uniform or random distribu-
tion (3,15). However, predicted yield 
losses have exceeded actual yield losses 
caused by aggregated populations of plant-
parasitic nematodes (24,28,32). 
The objectives of this research were to 
elucidate the impact of tillage on dissemi-
nation and population densities of H. gly-
cines and soybean yield, and to assess the 
relationship between different spatial pat-
terns of H. glycines and soybean yield. 
MATERIALS AND METHODS 
Two experiments were conducted in an 
area of a field initially free of H. glycines 
and previously cropped to corn (Zea mays 
L.) and oats (Avena sativa L.) at the Iowa 
State University (ISU) Crossley Farm 
(Story County, IA). H. glycines was not 
detected in soil samples collected in April 
1995 from the area of the field where the 
experiments were established. The soil was 
a Nicollet fine loamy, mixed, mesic Aquic 
Hapludolls (35% sand, 52.5% silt, 12.5% 
clay). One experiment was conducted to 
evaluate the effect of spatial patterns of H. 
glycines on reproduction of the nematode 
and yield of soybeans. Another experiment 
was designed to evaluate the effects of 
different tillage practices on the dissemina-
tion, population density, and spatial pattern 
of a newly established H. glycines infesta-
tion within the field. 
Inoculum preparation. Some treat-
ments in both experiments included infes-
tation of the soil with H. glycines cysts. 
The nematode was propagated in a green-
house on susceptible soybean (cv. Corsoy 
79) plants. Soybean seeds were planted in 
30-cm-diameter clay pots containing H. 
glycines–infested soil. After 8 weeks, 
plants were clipped at the soil level, the 
shoots were discarded, and roots were 
removed. The infested soil was transferred 
to metal barrels and was kept at approxi-
mately 20 to 22°C. Infected roots were 
placed on an 850-µm sieve nested over a 
250-µm sieve. Females and cysts of H. 
glycines were removed from the roots by 
spraying with a stream of tap water and 
were recovered on the 250-µm sieve. The 
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H. glycines cysts and females recovered 
from the roots were mixed into the infested 
soil, and then this inoculum was divided 
into equal portions, one for each replicate 
block in each of the experiments. Each 
portion of inoculum was mixed for 30 min 
using a cement mixer; then each portion of 
the inoculum was further divided into sub-
portions for the number of treatments in 
the experiment. Each inoculum subportion 
then was thoroughly mixed and sampled to 
quantify the nematode population density 
in order to ensure that plots were infested 
with equivalent nematode populations. 
Inoculum was stored at 4°C until proc-
essed. 
To quantify inoculum density, cysts 
were extracted from the soil samples by 
elutriation (5). Prior to elutriation, each 
100-cm3 aliquant of soil was soaked for 30 
min in a 15.75 g liter-1 solution of Electra-
sol automatic dishwasher detergent 
(Benckiser Consumer Products Inc., Dun-
bury, CT) to promote dispersion of soil 
particles and release of H. glycines cysts. 
Cysts were collected on a 250-µm sieve 
nested beneath an 850-µm sieve on the 
elutriator. Extracted cysts were crushed 
using a motorized pestle to release eggs 
(23). Eggs were stained with acid fuchsin 
and enumerated. The average nematode 
inoculum density was 17,610 eggs per 100 
cm3. 
Effects of H. glycines spatial pattern. 
This experiment was conducted from 1996 
to 1998. The experimental design was a 
randomized complete block consisting of 
three treatments and five replications. The 
treatments were: noninfested (control), 
aggregated infestation, and uniform infes-
tation. Plots were 6.1 m wide × 12.2 m 
long, consisting of eight soybean rows 
spaced 0.76 m apart. In the spring of 1996, 
plots were infested with H. glycines. Be-
fore infestation, all plots were cultivated (5 
cm deep) to facilitate inoculum incorpora-
tion. In the aggregated treatment, a 3.0-m-
diameter circular area in the center of the 
plot was infested; and in the uniform 
treatment, the total area of the plot was 
infested with H. glycines inoculum. 
Equivalent population densities of H. gly-
cines were applied to all plots in both in-
fested treatments. Inoculum was applied 
using a lawn fertilizer spreader (4). After 
infestation, inoculum was manually incor-
porated in each plot using shovels. Popula-
tion densities in the infested areas, after 
inoculum incorporation, were 810 and 177 
eggs per 100 cm3 of soil in the aggregated 
and uniformly infested treatments, respec-
tively. Following infestation, plots were 
planted with the H. glycines–susceptible 
soybean cv. Archer. No tillage was per-
formed in this experiment after the plots 
were infested, and soybeans were grown 
for two additional seasons in the experi-
ment. Soil samples were collected from 
plots in a 2.3-m, square grid pattern (18 
samples per plot) after planting and again 
in the fall each year, after the soybeans 
were harvested. Samples were taken at 
each intersection of the grid and consisted 
of three 2.5-cm-diameter, 20-cm-deep soil 
cores. H. glycines egg population densities 
in each soil sample were determined as 
described for inoculum preparation. When 
necessary, weeds were removed manually 
from the plots. Plots were harvested with a 
plot combine, seed weight and moisture 
were determined, and yields were con-
verted to kg ha-1, standardized to 13% 
moisture. Lloyd’s (20) index of patchiness 
(LIP), a dispersion index, was calculated 
as an indicator of the nematode spatial 
pattern for H. glycines population densities 
at each sampling time. Soybean yield and 
H. glycines egg population density data 
were subjected to analysis of variance 
(ANOVA), and Fisher’s least significant 
difference (LSD) test was used to separate 
means (α = 0.05) when significant differ-
ences (P ≤ 0.05) were detected among 
treatments. Finally, correlations among 
soybean yield, nematode population densi-
ties, and LIP were performed. Egg popula-
tion density data were transformed to 
log10(x + 1) values to standardize the vari-
ance prior to statistical analysis, but un-
transformed data are presented in tables 
and figures. 
Effects of tillage. This experiment was 
conducted from 1995 to 1998. The ex-
perimental design was a randomized com-
plete block with five treatments and five 
replications. One treatment was a no-till, 
noninfested control. The other four treat-
ments all were infested with H. glycines 
and were subjected to one of the following 
crop residue management practices: no-
tillage, ridge-tillage, conventional-tillage, 
or reduced-tillage. Conventional tillage 
consisted of fall chisel plowing (0.20 m 
deep) and spring disking (0.10 m deep), 
followed by shallow (5 cm deep) cultiva-
tion before planting. In the reduced-tillage 
treatment, plots were disked in the spring 
and shallow-cultivated before planting. 
Ridge tillage is a crop residue management 
practice used for corn and soybean produc-
tion in the Midwestern United States that 
consists of raising the seed bed level above 
that of the surrounding soil and planting 
the crop on the same ridges, in the same 
rows, every year. In the ridge-tillage treat-
ment, the soil was disturbed only for build-
ing and maintaining the ridges. Ridges 
(0.20 m high) were built before planting in 
the spring of 1995 and again in the spring 
of 1996. The soil in plots under no-tillage 
was not disturbed except for planting. 
Prior to planting, a 1-m2 area of each 
plot was infested with the H. glycines in-
oculum. The inoculum mixture was incor-
porated into the delimited area to a depth 
of 5 cm. In the control plots, a noninfested 
mixture of soil and sand was incorporated 
into a 1-m2 area as done for the infested 
treatments. The overall H. glycines popula-
tion density in the infested area after in-
corporation was 1,800 eggs per 100 cm3 of 
soil. Tillage operations were performed 
consistently in an east-to-west direction. 
Plots were 6.1 m wide × 12.2 m long with 
a 1.5-m border between adjacent plots to 
reduce nematode dispersal into adjacent 
plots. The infested area of each plot was 
positioned 4.15 m from the eastern plot 
edge and 3.05 m from the northern plot 
edge. Each plot had eight soybean rows 
spaced 0.76 m apart, and plots were 
planted each year with the H. glycines–
susceptible cv. Archer. Plant rows were 
oriented east-west. A pre-emergence appli-
cation of a mixture of dicamba (0.58 liters 
ha-1) and 2,4-D amine (4.7 liters ha-1) con-
trolled weeds. All plots were treated with 
herbicides and, except for the no-tillage 
plots, were cultivated for supplemental 
weed control 30 days after planting. Plots 
under no tillage were weeded manually. 
Within a week of planting each spring, 
soil samples were collected from each plot 
on a 1.15-m, square grid (66 samples per 
plot). Each soil sample consisted of three 
2.5-cm-diameter, 20-cm-deep soil cores 
taken at the intersection of the grid; the 
three soil cores were combined and mixed. 
H. glycines egg population densities were 
determined for each soil sample as de-
scribed for the previous experiment. 
The eight soybean rows in each plot 
were harvested using a plot combine, then 
seed weight and moisture were recorded. 
The plot seed weights were standardized to 
13% moisture for statistical analyses. 
For each plot, we recorded the maxi-
mum distance from the H. glycines–
infested site at which egg population den-
sities greater than 100 eggs per 100 cm3 of 
soil were detected. Additionally, the LIP 
dispersion index was calculated for H. 
glycines data and used as an indicator of 
aggregation of nematode population in the 
plots. Maps of H. glycines distribution in 
each plot were generated using geostatisti-
cal modeling and kriging (GS+ 3.1, 
Gamma Design Software, Plainwell, MI). 
Data were analyzed as described for the 
previous experiment. 
RESULTS 
Effects of H. glycines spatial pattern. 
Yields ranged from approximately 2,900 to 
3,000 kg ha-1 in 1996 and decreased sig-
nificantly (α = 0.05) to approximately 
2,200 to 2,500 kg ha-1 in 1997 and 1998. 
Yields were numerically less in the in-
fested treatments than in the noninfested 
control in all 3 years of the experiment, but 
the differences among treatments were not 
significant (data not shown). H. glycines 
egg population densities were greater in 
the uniform treatment than in the aggre-
gated treatment for all sampling times 
except in the spring of 1998 (Fig. 1). Low 
numbers of H. glycines eggs were recov-
ered from noninfested plots, always sig-
nificantly less than populations measured 
in the infested treatments. 
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Lloyd’s index of patchiness was greater 
than 1.0 in all treatments and at all sam-
pling dates, indicating aggregation of the 
egg populations (Table 1). Differences in 
LIP values between infested treatments 
were evident in the fall of 1996, spring and 
fall of 1997, when LIP was significantly 
greater (P ≤ 0.05) in the aggregated-
infested treatment than the uniform in-
fested treatment. The LIP values did not 
change over the different sampling times 
and years except in the noninfested treat-
ment. 
Linear correlations among soybean 
yield, mean nematode population density, 
and LIP were not significant, except for a 
negative correlation (P ≤ 0.01) in 1997 
between soybean yield and H. glycines 
population density (r = –0.79) (data not 
shown). 
Effects of tillage. By the end of the first 
soybean crop season, mean H. glycines 
population densities were significantly 
greater (P ≤ 0.05) in conventional- and 
reduced-tillage plots than in no-tillage and 
ridge-tillage plots (Fig. 2). This difference 
was larger in 1997 and 1998, when popula-
tion densities in the conventional- and 
reduced-tillage treatments were more than 
10 times those in the no-tillage, infested 
treatment. There were no differences in H. 
glycines population densities among the 
other treatments in the 3 years of this 
study. Population densities increased (α = 
0.05) annually in the conventional- and 
reduced-tillage plots, but an increase in 
population densities in the other treatments 
was detected only in 1998. Low population 
densities of H. glycines were recovered 
from soil samples collected in the nonin-
fested treatment plots in all 3 years, likely 
as a result of contamination by field 
equipment or development of populations 
present below the detection level at the 
beginning of the experiment. 
H. glycines was detected in the spring of 
1996 at greater distances from the original 
infestation site in the conventional- and 
reduced-tillage treatments compared to the 
no-tillage and ridge-tillage treatments (Fig. 
3). In the spring of 1997, after two crop 
seasons and following spring tillage, H. 
glycines was detected at the maximum 
possible distance (6.9 m) from the infesta-
tion site in the conventional- and reduced-
tillage treatments. Conversely, nematode 
dissemination in the no-tillage and ridge-
tillage treatments was not extensive and 
usually did not approach the edges of the 
plots. Mean distance of dissemination in 
the no-till treatment was 0.5 m and in the 
ridge-till treatment was 1.4 m. H. glycines 
eggs were distributed throughout the con-
ventional- and reduced-tillage plots, 
whereas the nematode was restricted to an 
area near the original infestation site in the 
ridge-tillage and no-tillage plots. 
Lloyd’s index of patchiness values were 
greater than 1.0, indicating aggregation of 
the egg populations in all treatments at all 
sampling times (Table 2). The lowest LIP 
values consistently occurred in the re-
duced-tillage and conventional-tillage 
treatments. In 1996, LIP values were sig-
nificantly (α = 0.05) greater in the ridge-
tillage treatment compared to reduced 
tillage. In 1997 and 1998, conventional and 
reduced tillage had significantly lower 
indices compared to the other treatments 
(α = 0.05). Between 1996 and 1998, the 
LIP values decreased significantly in the 
conventional-, ridge-, and reduced-tillage 
treatments but did not decrease in the in-
fested no-tillage treatment. 
In the first year of this study, there were 
no differences in soybean yield among 
treatments (Fig. 4). Differences in yield 
among treatments became apparent in 
1996, when yield was less in the ridge-
tillage treatment compared to all other 
treatments except the no-tillage, infested 
plots. In 1997, the yields of the conven-
tional- and reduced-tillage treatments were 
significantly less (α = 0.05) than yield of 
the no-tillage, infested treatment. In 1998, 
yield in the conventional-tillage treatment 
was significantly less than yield in the 
other treatments. In general, yield de-
creased over time in all treatments. Yields 
did not differ between no-tillage infested 
and noninfested treatments in any year of 
the experiment. 
There were significant (P ≤ 0.01) nega-
tive linear correlations between H. glycines 
population density and soybean yield in 
1996 and 1997 (r = –0.68 and r = –0.61, 
respectively) and between LIP and nema-
tode density (r = –0.60) in 1998 (data not 
shown). 
DISCUSSION 
H. glycines, like most plant-parasitic 
nematodes, is dependent on passive 
mechanisms for dissemination within and 
between fields (8). During this study, we 
found that H. glycines was disseminated 
nearly 3.5 m per year by conventional- and 
reduced-tillage practices. Population densi-
Table 1. Lloyd’s index of patchiness for Heterodera glycines egg populations in artificially infested
plots in central Ioway,z 
 Lloyd’s index 
 1996 1997 1998 
Treatment Spring Fall Spring Fall Spring 
Noninfested 4.9 a C 9.2 a AB 14.7 a A 6.7 a BC 3.8 a C 
Uniform 3.7 a A 1.9 b A  2.9 c A 1.8 b A 2.1 a A 
Aggregated 6.8 a A 7.1 a A  7.3 b A 5.9 a A 3.6 a A 
y Average of five replications. Data were transformed to log10(x + 1) for statistical analysis. Table 
values are untransformed. 
z Values followed by the same lowercase letter in columns or uppercase letter in rows are not signifi-
cantly different according to Fisher’s LSD test (α = 0.05). 
Fig. 1. Heterodera glycines population densities over time in soybean plots subjected to different infes-
tation patterns in spring 1996 at the Iowa State University Crossley Farm (Story County, IA). Values 
are means of all soil samples collected from five replications per treatment. Samples were collected
just prior to planting. Uniform = H. glycines cysts introduced throughout each plot; Aggregated = H. 
glycines cysts introduced in a concentrated site within each plot. Numbers of eggs introduced into each
plot were equivalent. Bars within each year with the same letter are not significantly different accord-
ing to Fisher’s LSD test (α = 0.05). Data were transformed to log10(x + 1) for statistical analysis. 
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ties of the nematode increased more in 
conventional- and reduced-tillage than in 
ridge- and no-tillage treatments, probably 
because greater spread of the nematode in 
the tilled treatments provided access to 
more soybean plants, which provided a 
more plentiful food source and facilitated 
more rapid reproduction than in no tillage 
and ridge tillage. In the conventional- and 
reduced-tillage treatments, 70 to 100% of 
the plants were exposed to H. glycines 
inoculum by the end of the third crop sea-
son, but in most of the no-tillage treatment 
plots, only 2 to 5% of the plants were ex-
posed. 
The limiting effects of no tillage and 
ridge tillage on H. glycines populations 
were apparent 1 year after establishment of 
our study. The mechanism of this limited 
H. glycines reproduction probably was 
restricted dissemination of the nematode 
and, thus, limited access to a food source. 
However, other unidentified mechanisms 
may have been involved. Lower population 
densities of H. glycines in no-tillage com-
pared to conventional-tillage treatments 
were found by Edwards et al. (9), 
Hershman and Bachi (12), Koenning et al. 
(18), Lawrence et al. (19), and Tyler et al. 
(35,36). But most of these studies were 
conducted in naturally infested fields, and 
pre-existing or changing H. glycines spa-
tial patterns were not considered. In con-
trast, Chen et al. (6) found no effect of 
tillage on nematode population densities, 
and Noel and Wax (26) reported mixed 
results, including interacting effects of 
crop rotation and tillage treatments on H. 
glycines reproduction. It may take several 
years for lack of tillage to affect nematode 
population densities (30). However, there 
have been reports of short-term effects of 
tillage on H. glycines population densities 
(36,41). In a greenhouse study, with condi-
tions mimicking no tillage and conven-
tional tillage, Young (41) was able to re-
cover more cysts from disturbed soil cores 
than from undisturbed cores 30 days after 
planting. 
Several mechanisms have been proposed 
to explain the apparent suppression of H. 
glycines reproduction in no-tillage sys-
tems. No tillage results in changes in ed-
aphic environmental factors compared to 
conventional tillage, such as lower soil 
temperatures, additional soil water, in-
creased soil organic matter, differences in 
soil compaction, and increased presence of 
antagonists (11,30) that, individually or 
interactively, may have a suppressive effect 
on the pathogen. In some studies, no-
tillage soybeans were planted in chemi-
cally killed wheat or in wheat crop residue 
(9,36,41). Hershman and Bachi (12) sug-
gested that lower H. glycines population 
densities in no tillage were due to the pres-
ence of wheat residue and not due to no 
tillage per se; however, no such effect was 
detected in another study of wheat residue 
effects on H. glycines (16). 
An alternative explanation for why H. 
glycines population densities differed 
among tillage systems is the interaction 
between nematode spatial pattern and 
population development. This potential 
mechanism has not been considered in 
previous studies. The more uniform spatial 
pattern of H. glycines due to conventional 
tillage in our experiment increased the 
probability of soybean plants being in-
fected by the nematode compared to the 
no-tillage treatment, consequently result-
ing in greater H. glycines population densi-
ties. 
Recovery of H. glycines eggs at greater 
distances in conventional- and reduced-
tillage plots than in no tillage and ridge 
tillage illustrates that tillage can quickly 
Fig. 2. Population densities of Heterodera glycines in artificially infested (spring 1995) soybean plots 
under different tillage treatments at the Iowa State University Crossley Farm (Story County, IA). Val-
ues are means of all soil samples collected in the spring from five replications per treatment. Samples
were collected just prior to planting. Bars within each year with the same letter are not significantly
different according to Fisher’s LSD test (α = 0.05). Data were transformed to log10(x + 1) for statisti-
cal analysis. 
Fig. 3. Distance from the original infestation site (spring 1995) at which Heterodera glycines was 
detected in soybean plots under different tillage treatments at the Iowa State University Crossley Farm
(Story County, IA). Values are means of five replications. Bars within each year with the same letter
are not significantly different according to Fisher’s LSD test (α = 0.05). The maximum possible dis-
tance from the infestation site to the plot edge was 6.9 m. 
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disseminate the nematode within a field. 
Dispersal of H. glycines by tillage has been 
suggested by several authors (29,40), but 
there are few published studies reporting 
quantitative effects of cultivation on the 
dissemination of H. glycines. Ueda (37) 
investigated the effects of the application 
of organic materials on the dispersal of H. 
glycines. Organic materials and cysts of H. 
glycines were incorporated 1 month before 
planting, and tillage was performed twice a 
year. H. glycines was recovered 4 m from 
the infested site in the first year of the 
study. By the second year, the nematode 
was recovered 14 m from the original in-
fested site. In our tillage study, the nema-
tode was moved 6.9 m from the infestation 
site after 2 years in the conventional- and 
reduced-tillage plots. The frequency of 
tillage activities in our tilled plots was less 
than that of Ueda (37), possibly explaining 
the difference between our results and 
those of Ueda. 
Lower Lloyd’s index of patchiness val-
ues in plots under conventional or reduced 
tillage compared to ridge- and no-tillage 
treatments were consistent throughout our 
experiment. Other studies (27,34) on the 
impact of tillage on soilborne pathogen 
propagules have indicated that decreases in 
the dispersion index values are the result of 
redistribution of the pathogen population. 
Similarly, we believe that the reduced LIP 
values in the conventional- and reduced-
tillage treatments were a result of the re-
distribution of egg-bearing cysts within 
plots. Our previous research in naturally 
infested fields indicated that tillage prac-
tices altered the spatial patterns of H. gly-
cines; conventional tillage reduced the 
aggregation of the population over time, 
whereas a no-tillage treatment had the 
most aggregated population, according to 
semivariance characteristics and variance-
to-mean ratios (10). 
Nematode population densities probably 
were too low to cause detectable reduc-
tions in yield in the first year of the tillage 
study. After 1996, however, soybean yield 
decreased in the conventional-tillage 
treatment and population densities of H. 
glycines increased. Low soybean yields 
associated with high nematode population 
densities and tillage have been reported 
previously (19,35,36). The relationship 
between nematode density and yield may 
not be linear, and this may have limited 
our ability to detect a relationship using 
linear correlation. A similar result was 
reported for effects of tillage on Sclerotinia 
minor dissemination and lettuce (34). 
Yields in our no-tillage, infested treatment 
did not differ from those in the no-tillage, 
noninfested treatment in any year of the 
experiment, probably due to the consis-
tently low nematode population densities 
in the no-tillage, infested treatment. 
Decreasing soybean yields in monocul-
ture have been reported previously 
(17,18,25) and may be due to the cumula-
tive effects of soilborne fungal pathogens. 
The lowest yields in this study occurred in 
the conventional-tillage treatment, likely as 
a result of higher nematode populations. 
Yield of this treatment in 1998 was only 
about 50% of the 1995 yield, whereas the 
1998 yields in the no-tillage and ridge-
tillage treatments were approximately 70 
and 76% of the 1995 yields, respectively. 
Although differences in population den-
sities of H. glycines and yield among 
treatments were detected after 1995, stunt-
ing or chlorosis symptoms sometimes 
associated with H. glycines damage were 
not observed. This phenomenon is not 
exceptional. Soybeans may not show obvi-
ous symptoms of H. glycines parasitism, 
even when significant yield loss occurs 
(21,22,38,42). 
In the effects of spatial pattern experi-
ment, there was a linkage between spatial 
pattern and population density. H. glycines 
population densities were consistently 
greater in the uniformly infested treatment 
than in the treatment with aggregated in-
festation, probably due to the greater ac-
cess of nematodes to soybean roots in the 
uniform treatment. This result supports the 
hypothesis that reduced nematode popula-
tions in no-tillage systems are due to lim-
ited spread of the nematode. Because of 
the correlation between spatial pattern and 
population density, we were not able to 
separate the effects of these two factors on 
soybean yield. It is not possible (and pos-
sibly not relevant) to speculate on yield 
losses that might have occurred with equal 
H. glycines populations but different spa-
tial patterns. One way to address the rela-
tionship of spatial pattern and yield would 
be additional yearly infestations of the 
aggregated infestation plots to maintain 
equal population densities between aggre-
gated and uniformly infested treatments. 
Yield losses caused by stand-reducing 
pests may be more severe under an aggre-
gated spatial pattern than a uniform spatial 
pattern due to better yield compensation in 
a uniform pest attack (7). We believe that 
in the H. glycines–soybean pathosystem, 
yield compensation is unlikely to occur, 
regardless of the nematode spatial pattern. 
Fig. 4. Soybean yields in plots artificially infested with Heterodera glycines and under different tillage 
systems at the Iowa State University Crossley Farm (Story County, IA). Values are means of five repli-
cations. Bars within each year with the same letter are not significantly different according to Fisher’s
LSD test (α = 0.05). 
Table 2. Effects of different tillage systems on Lloyd’s index of patchiness for Heterodera glycines
egg populations in artificially infested central Iowa plotsy,z 
 Lloyd’s index 
Treatment 1996 1997 1998 
No-tillage / infested  13.3 ab A  19.7 a A  12.8 a A 
No-tillage / noninfested  11.4 ab A  12.3 a A  5.7 b B 
Ridge / infested  15.7 a A  15.8 a A  6.7 b B 
Conventional / infested  10.4 ab A  4.6 b AB  2.0 b B 
Reduced / infested  5.8 b A  3.5 b B  2.3 b C 
y Average of five replications. Data were transformed to log10(x + 1) for statistical analysis. Table 
values are untransformed. 
z Values followed by the same lowercase letter in columns or uppercase letter in rows are not signifi-
cantly different according to Fisher’s LSD test (α = 0.05). 
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Published reports on soybean yield com-
pensation rely on stand-reducing factors. 
H. glycines rarely causes stand reduction 
(33). It is unlikely that a plant heavily in-
fected by H. glycines would occur adjacent 
to a noninfected plant that could compen-
sate for the yield loss of the neighboring, 
diseased plant. 
Our results illustrate the utility of no-
tillage practices in the management of H. 
glycines and may provide a key explana-
tion for the association of no tillage with 
lower population densities of the nema-
tode. Adoption of no-tillage in fields where 
the nematode has not been detected or in 
recently infested fields should limit dis-
semination, reproduction, and yield losses 
caused by H. glycines. 
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